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CMR  - colossal magnetoresistance

Magnetoresistance of 
thin films first reported 
in 1993 (Chahara; von 
Helmot)

Very large 
magnetoresistance 
reported by Jin in 
1994; colossal 
magnetoresistance



Manganites - phase diagram
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Interplay of spin, charge, and lattice degree of freedom



Phase separation? Intrinsic or 
extrinsic?

500 x 500 nm500 x 500 nm22

Becker Becker et alet al. PRL 89 (2002). PRL 89 (2002)

87 Kelvin87 Kelvin

278 Kelvin278 Kelvin

0 Tesla0 Tesla

9 Tesla9 Tesla

FFääthth et alet al. Science 285 (1999). Science 285 (1999)

co
nd

uc
tiv

ity
co

nd
uc

tiv
ity

Met.Met.

Ins.Ins.

610 x 610 nm610 x 610 nm22

conductivityconductivity

MetallicMetallic
InsulatingInsulating

La0.7 Sr0.3 MnO3 La0.73 Ca0.27 MnO3



La 1-x SrxMnO3 phase diagram



Evolution of  New Magnetic Region near Artificial Grain 
Boundary
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Gradient of Tc away from grain boundary
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Y.-A. Soh et al., PRB (Rapid Comm.) 63, 020402 (2001)



X-ray Microprobe at the APS



Strain measurement across the grain boundary

Sample motion

FWHM < 0.35 um

2 theta resolution < 0.06 deg
Rocking curve width < 0.03 deg

(002) reflection
bulk lattice constant

Soh et al., J. Appl. Phys. 91, 7742 (2002).

(featured in Physics Today Jan. 2003)



Strain dependence of Tc at grain boundary
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Summary
First explicit demonstration of effect of lattice
on the magnetic properties on a mesoscopic
length scale via MFM and x-ray microscopy 
on same sample
Can explain phase coexistence in manganites
Wealth of problems in strongly correlated 
electron systems exist where xrays will play a 
big role
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